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(54) Devices to minimize vapour bypass in packed columns and method of assembly 



(57) The height equivalent theoretical tray of sepa- 
ration in a packed substantially cylindrical section (20) 
of an exchange column for exchanging heat and/or 
mass between a flowing liquid stream and a flowing va- 
pour stream is reduced by restricting the flow of vapour 
stream in the space between the inner wall (26) of the 
section (20) and the exterior surface of the a (28) of 
packing contained within said section (20). The restric- 
tion can be provided by the presence of vapour flow- 
restricting means (22; 30) in said space; by use of a sub- 
stantially cylindrical plug (28) of packing with an outer 
diameter substantially equal to the diameter of said in- 
ner wall (26); or by directing the vapour inwardly away 
from said inner wall (26) toward said plug (28). 
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Description 

[0001 ] The present invention relates to minimizing va- 
pour bypass in a packed column for exchanging heat 
and/or mass between a liquid and a vapour. The inven- 
tion has particular application in cryogenic air separation 
processes utilizing distillation, although it may be used 
in other heat and/or mass transfer processes that use 
packing (e.g., random or structured packing). The 
present invention also relates to methods for assem- 
bling packed columns incorporating restricting means 
for minimizing vapour bypass. 
[0002] The term, "column", as used herein, means a 
distillation or fractionation column or zone, i.e., a column 
or zone wherein liquid and vapour phases are counter- 
currently contacted to effect separation of a fluid mix- 
ture, such as by contacting of the vapour and liquid 
phases on packing elements mounted within the col- 
umn. 

[0003] The term "packing" means solid or hollow bod- 
ies of predetermined size, shape, and configuration 
used as column internals to provide surface area for the 
liquid to allow mass transfer at the liquid-vapour inter- 
face during countercurrent flow of two phases. Two 
broad classes of packings are "random" and "struc- 
tured". 

[0004] "Random packing" means packing wherein in- 
dividual members do not have any particular orientation 
relative to each other or to the column axis. Random 
packings are small, hollow structures with large surface 
area per unit volume that are loaded at random into a 
column. 

[0005] "Structured packing" as used herein means 
packing wherein individual members have specific ori- 
entation relative to each other and to the column axis. 
Structured packings usually are made of expanded met- 
al or woven wire screen stacked in layers or as spiral 
windings; however, other materials of construction, such 
as plain sheet metal, may be used. 
[0006] The term "plug of packing" (or "plug"), as used 
herein, means one or more layers of packing, where a 
layer is composed of one or more individual segments 
of packing. 

[0007] Cryogenic separation of air is carried out by 
passing liquid and vapour in countercurrent contact 
through a distillation column. A vapour phase of the mix- 
ture ascends with an ever increasing concentration of 
the more volatile components (e.g., nitrogen) while a liq- 
uid phase of the mixture descends with an ever increas- 
ing concentration of the less volatile components (e.g., 
oxygen). Various packings or trays may be used to bring 
the liquid and gaseous phases of the mixture into con- 
tact to accomplish mass transfer between the phases. 
[0008] The use of structured packing in distillation col- 
umns is standard practice and has many advantages 
where low pressure drop is important. The liquid and the 
vapour flow counter-currently in a distillation column, 
which usually has an annular space between the pack- 



ing and the column wall. 

[0009] The performance of a packed distillation col- 
umn may be very sensitive to vapour bypass along the 
column wall via this annular space, depending on the 
5 operating conditions of the column. The effect of vapour 
bypass is particularly significant in column sections with 
a very high purity top product, such as a high pressure 
column, a top hat section of a low pressure column, or 
a pure argon column in an air separation plant. For ex- 
ample, in atypical high pressure column, 1%vapour by- 
pass can increase the oxygen concentration in the ni- 
trogen product from 1 ppm to 2100 ppm (where ppm 
means parts per million; ppb means parts per billion). 
Although total vapour bypass does not occur in practice, 
partial bypass with remixing does occur. Mixing of the 
bypassed vapour with the distilled vapour reduces the 
impact of vapour bypass on performance, but does not 
eliminate the detrimental impact. 
[001 0] Column diameter has a significant effect on the 
potential for bypass along a column wall. Small-diame- 
ter columns are more susceptible to vapour bypass be- 
cause the percent annular area near the column wall 
increases for a fixed gap size as column diameter de- 
creases. Figure 1 illustrates this point with a plot of per- 
cent annular area versus column diameter at a typical 
packing to wall distance of 4.5 millimetres (mm). As 
shown, relative to a 200 millimetre (mm) column, a 400 
millimetre (mm) column has about one half the percent 
annular area, and a 1000 millimetre (mm) column has 
about one fifth the percent annular area. 
[0011] Through analysis and experimentation, the 
present inventors have found that minimizing or elimi- 
nating vapour bypass can have a significant impact on 
mass transfer performance in distillation columns. This 
is especially important for columns which require high 
purity top products (e.g., impurities measured in ppm or 
ppb), such as a high pressure column or a top hat col- 
umn section in a low pressure column which separates 
nitrogen from oxygen and argon. Another example is a 
distillation column which separates argon from oxygen 
to very low oxygen impurities (ppm). 
[0012] The purpose of the prior art devices in the an- 
nular space (between the structured packing and the 
column wall) is to reduce or eliminate liquid flow on the 
column wall, not to eliminate vapour bypass. The need 
to minimize vapour bypass is not recognized in the prior 
art. Even where solid wipers are used, the intent is to 
remove liquid from the walls, not to minimize vapour by- 
pass. 

[0013] The prior art methods are not very effective in 
minimizing vapour bypass in small packed columns. 
This is because the geometry of a packing plug is de- 
termined by considering not only performance factors, 
but also cost, ease of fabrication, and ease of installa- 
tion. 

[0014] One supplier's standard offering for small-di- 
ameter plug packing is with gauze wipers. The supplier 
also offers a 3 millimetre metal band option around the 
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plug for ease of installation. The primary intended use 
of the gauze wipers is to wipe liquid off the walls of the 
column. The gauze wipers are subject to vapour bypass, 
however, and the 3mm band increases the annular area 
between the edge of the packing and the column wall, 
both of which can increase vapour bypass along the col- 
umn wall. 

[0015] In large-diameter field-installed columns, 
where plug packing is not practical, the same supplier 
recommends that a space be left between the packing 
and the column wall so that liquid does not reach and 
then flow down the wall. While this may reduce liquid 
bypass, it creates a channel for vapour bypass, which 
can be very detrimental for ultrahigh purity applications. 
[0016] Other suppliers use various devices on their 
packing plugs to reduce or eliminate liquid flow on the 
column wall. 

[0017] US-A-5,464,573 discloses a wall wiper to re- 
ceive and direct liquid from the internal wall of a column 
inwardly for collection and distribution by a liquid collec- 
tor-distributor device. No mention is made of vapour by- 
pass or a desire to minimize vapour bypass. 
[0018] The present Inventors have discovered, a ma- 
jor performance benefit can be obtained by blocking the 
annular area in small-diameter columns so as to mini- 
mize vapour bypass in the columns. The benefit is not 
obtained in the prior art, which does not recognize the 
need to eliminate vapour bypass. 
[0019] It is desired to have a means for significantly 
minimizing or eliminating vapour bypass in a distillation 
column (and other exchange columns) with packing in 
order to improve mass transfer performance of the col- 
umn. 

[0020] It is further desired to have a means for signif- 
icantly minimizing or eliminating vapour bypass in a dis- 
tillation column that shows high performance character- 
istics for cryogenic applications, such as those used in 
air separation, and for other heat and/or mass transfer 
applications. 

[0021] It also is further desired to have a method of 
assembling an apparatus for exchanging heat and/or 
mass between a flowing liquid stream and a flowing va- 
pour stream which overcomes many of the difficulties 
and disadvantages of the prior art to provide better and 
more advantageous results. 

[0022] The present invention is based on the surpris- 
ing and unexpected improvements in the performance 
of packed exchange columns due to minimizing or elim- 
inating vapour bypass in the annular space between the 
inner wall of a column and the packing inside the col- 
umn. 

[0023] The surprising and unexpected performance 
results are achieved by blocking the annular space or 
by minimizing (or eliminating) the annular space. Mini- 
mizing the annular space is especially important for rel- 
atively small-diameter columns which use plug packing 
(e.g., columns less than 1.1 meters in diameter). Mini- 
mizing vapour bypass improves column mass transfer 
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performance, particularly for columns in air separation 
plants producing high-purity vapour products. 
[0024] According to the present invention, there is 
provided apparatus for exchanging heat and/or mass 
5 between a flowing liquid stream and a flowing vapour 
stream, comprising: 

a substantially cylindrical section of a column hav- 
ing an inner wall and 
io a plug of packing disposed inside said section of the 
column, 

characterized in that the vapour flow path between the 
exterior surface of said plug and said inner wall is limited 
by one or more of (i) vapour flow-restricting means in 
the space between said inner wall and said plug, (ii) said 
plug being substantially cylindrical with an outer diame- 
ter substantially equal to the diameter of said inner wall 
or (iii) vapour flow-directing means for directing the va- 
pour inwardly away from said inner wall toward said 
plug. 

[0025] The invention also provides a process for cry- 
ogenic gas separation comprising contacting vapour 
and liquid counter-currently in at least one distillation 
column containing at least one mass and/or heat trans- 
fer zone having a plug of packing disposed inside an 
inner wall defining said zone, characterized in that va- 
pour bypass between said plug and wall is minimized. 
[0026] The invention further provides a process for 
cryogenic gas separation comprising contacting vapour 
and liquid counter-currently in at least one distillation 
column containing at least one mass and/or heat trans- 
fer zone having a plug of packing disposed inside an 
inner wall defining said zone, characterized in that va- 
pour bypass between said plug and wall is limited by (i) 
restricting vapour flow in the space between said inner 
wall and said plug, (ii) using a substantially cylindrical 
plug with an outer diameter substantially equal to the 
diameter of said inner wall or (iii) directing vapour in- 
wardly away from said inner wall toward said plug. 
[0027] The invention also provides the use to reduce 
the height equivalent theoretical tray of separation in a 
substantially cylindrical section of an exchange column 
for exchanging heat and/or mass between a flowing liq- 
uid stream and a flowing vapour stream, the section hav- 
ing an inner wall and containing a plug of packing.of 
means for limiting flow of the vapour stream in the space 
between said inner wall and the exterior surface of said 
plug. 

[0028] In one aspect, the apparatus comprises: (1 ) a 
substantially cylindrical section of a column having an 
inner wall; (2) a plug of packing disposed inside the sec- 
tion of the column, the plug of packing having an exterior 
surface spaced apart from the inner wall of the section 
of the column; and (3) restricting means for minimizing 
flow of the vapour stream in the space between the inner 
wall of the section of the col umn and the exterior surface 
of the plug of packing. 
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[0029] In one embodiment, the restricting means is at 
least one solid wiper positioned peripherally about the 
exterior surface of the plug of packing. The solid wiper 
has an inner peripheral portion mounted on the exterior 
surface of the plug of packing and an outer peripheral 
portion abutting the inner wall of the section of the col- 
umn. The solid wiper preferably is made of metal. 
[0030] In another embodiment, the restricting means 
is again at least one solid wiper positioned peripherally 
about the exterior surface of the plug of packing. How- 
ever, in this embodiment, the solid wiper has an inner 
peripheral portion abutting the exterior surface of the 
plug of packing and an outer peripheral portion mounted 
on the inner wall of the section of the column. In this 
embodiment, the solid wiper also preferably is made of 
metal. 

[0031] In a further embodiment, the restricting means 
is at least one gasket positioned peripherally about the 
exterior surface of the plug of packing. The gasket has 
an inner peripheral portion mounted on the exterior sur- 
face of the plug of packing and an outer peripheral por- 
tion abutting the inner wall of the section of the column. 
The gasket preferably is made of an aerated foam-like 
material, such as Gore-tex (which is a trademark of Gore 
Associates). 

[0032] In another embodiment, the restricting means 
is again at least one gasket positioned peripheral about 
the exterior surface of the plug of packing. However, in 
this embodiment the gasket has an inner peripheral por- 
tion abutting the exterior surface of the plug of packing 
and an outer peripheral portion mounted on the inner 
wall of the section of the column. As in the previous em- 
bodiment, the preferred material for the gasket is Gore- 
tex™. 

[0033] In another aspect of the invention, the appara- 
tus comprises: (1) a substantially cylindrical section of 
a column having an inner wall; and (2) a substantially 
cylindrical plug of packing disposed inside the section 
of the column, wherein the outer diameter of the sub- 
stantially cylindrical plug of packing is substantially 
equal to the diameter of the inner wall of the substantially 
cylindrical section of the column. 
[0034] In a further aspect of the invention, the appa- 
ratus comprises : (1) a substantially cylindrical section 
of a column having an inner wall; (2) a plug of packing 
disposed inside the section of the column, the plug of 
packing having an exterior surface spaced apart from 
the inner wall of the section of the column; and (3) 
means for providing a vapour-tight seal in the space be- 
tween the inner wall of the section of the column and the 
exterior surface of the plug of packing. 
[0035] In another aspect of the invention in which the 
liquid and vapour flow counter-currently, the apparatus 
comprises: (1 ) a substantially cylindrical section of a col- 
umn having an inner wall, the liquid entering at one end 
of the section of the column and the vapour entering at 
an opposite end of the section of the column; (2) a plug 
of packing disposed inside the section of the column, 



the plug of packing having an exterior surface spaced 
apart from the inner wall of the section of the column, 
thereby being an annulus between the inner wall of the 
section of the column and the exterior surface of the plug 

s of the packing; and (3) means for directing the vapour 
from the annulus inwardly away from the inner wall of 
the section of the column toward the plug of packing. 
[0036] Another aspect of the present invention is a 
process for cryogenic air separation including contact- 

10 ing vapour and liquid counter-currently in at least one 
distillation column containing at least one mass and/or 
heat transfer zone, the process using at least one ap- 
paratus of the invention. 

[0037] The following is a description by way of exam- 
15 pie only and with reference to the accompanying draw- 
ings of presently preferred embodiments of the inven- 
tion. In the drawings: 

Figure 1 is a graph illustrating the % annular area 
20 in a packed column as a function of column diame- 
ter (mm), assuming a 4.5 millimetre (mm) gap or 
annulus between the packing and the column wall; 
Figure 2 is a perspective view of a schematic rep- 
resentation of a sol id wiper used in one embodiment 
25 of the invention; 

Figure 3 is a schematic representation of a top view 
of a plug of packing inside a column with a solid wip- 
er (such as that in Figure 2) in the annular space 
between the packing and the inner wall of the col- 
30 umn; 

Figure 4 is a schematic representation of a side 
view showing a solid wiper in the annular space be- 
tween the packing and the column wall of a packed 
column, such as that in Figure 3; 
35 Figure 5 is a schematic representation of a side 
view showing a gasket between the packing and the 
column wall of a packed column; and 
Figure 6 is a perspective view of a plug of structured 
packing encircled with two solid wipers inside a sec- 
40 tion of a column shown in cross section. 

[0038] As shown in Figure 2, in one embodiment of 
the invention a solid wiper 22 is installed in a packed 
column 20 as shown in Figures 3 and 4 to block the an- 
45 nular space 32 between the exterior surface of the pack- 
ing 28 and the inside of the column wall 26. The solid 
wiper may be attached to the packing or to the column 
wall, or both. 

[0039] The solid wiper 22 has an inner portion 36 and 
50 an outer portion 34, as shown in Figure 2. The inner por- 
tion is mounted on the exterior surface of the packing 
28, with the outer portion abutting the inner wall of the 
column 26. Alternatively, the outer portion is mounted 
on the inner wall of the column with the inner portion 
55 abutting the exterior surface of the packing. Also, in yet 
another alternative, the inner portion of the solid wiper 
is mounted on the exterior surface of the packing and 
the outer portion of the solid wiper is mounted on the 
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inner wall of the column. 

[0040] The solid wiper 22 preferably is made of metal. 
As indicated in Figure 2, the solid wiper may have a plu- 
rality of slits 24 to make it easier to bend the solid wiper 
around the packing 28, as shown in Figure 3. Although 
the slits will allow some vapour bypass, the slits are a 
simple design which provides for an economic way to 
install the solid wiper around the packing. It is possible, 
however, to design a solid wiper without slits that would 
fit snugly about the packing substantially across the an- 
nular space 32. However, such a design would be more 
expensive, and installation would be more difficult. 
[0041] Although Figure 4 shows a solid wiper 22 at 
only one level or elevation, additional solid wipers (22D) 
may be installed at elevations above or below each oth- 
er in the annular space 32, as shown in Figure 6. 
[0042] Figure 5 illustrates another embodiment of the 
invention which uses a gasket 30 (rather than a solid 
wiper 22) to block the annular space 32 between the 
packing 28 and the column wall 26. As with the solid 
wiper, there may be more than one gasket installed pe- 
ripherally on each plug of packing, each gasket being at 
a different level or elevation. 

[0043] The gasket 30 may be made of any material 
that can withstand the cryogenic temperatures in distil- 
lation service and thermal cycling. One such material is 
Gore-tex", a well-known gasket material, which is an 
aerated foam-like material. 

[0044] The gasket 30 has an inner portion 40 mounted 
on the exterior surface of the packing 28 and an outer 
portion 38 abutting the inner wall of the column 26. Al- 
ternatively, the outer portion of the gasket is mounted 
on the inner wall of the column with the inner portion 
abutting the exterior surface of the packing. Also, in yet 
another alternative, the inner portion of the gasket is 
mounted on the exterior surface of the packing and the 
outer portion of the gasket is mounted on the inner wall 
of the column. 

[0045] Another alternative is to substantially minimize 
or eliminate the space 32 between the column wall 26 
and the packing 28 by making the packing outer diam- 
eter substantially equal to the inner diameter of the col- 
umn wall. This eliminates the need to use solid wipers 
22 or gaskets 30 to prevent vapour bypass. 
[0046] The benefits of the present invention have 
been demonstrated in a 200 millimetre (mm) diameter 
distillation column. The use of solid metal wipers in the 
column consistently resulted in 5% to 15% reduction in 
HETP (height of an equivalent theoretical tray of sepa- 
ration) versus a similar 200 mm packed column without 
solid metal wipers. The reduction in HETP was particu- 
larly significant under conditions where a pure vapour 
product was produced. The demonstrations also 
showed that decreasing the distance between the pack- 
ing and the column wall from 5 millimetres to 3 millime- 
tres reduced the HETP of a 500 rr^/m 3 density packing 
by about 10%. 



Claims 

1 . An apparatus for exchanging heat and/or mass be- 
tween a flowing liquid stream and a flowing vapour 

5 stream, comprising: 

a substantially cylindrical section (20) of a col- 
umn having an inner wall (26) and 
a plug of packing (28) disposed inside said sec- 
10 tion (20) of the column, 

characterized in that the vapour flow path between 
the exterior surface of said plug (28) and said inner 
wall (26) is limited by one or more of (i) vapour flow- 
restricting means (22; 30) in the space between said 
inner wall (26) and said plug (28), (ii) said plug (28) 
being substantially cylindrical with an outer diame- 
ter substantially equal to the diameter of said inner 
wall (26) or (iii) vapour flow-directing means for di- 
20 recting the vapour inwardly away from said inner 
wall (26) toward said plug (28). 

2. An apparatus, as claimed in Claim 1, wherein said 
vapour flow path is limited by vapour flow restricting 

25 means (22;30) minimizing flow of the vapour stream 
in the space between said inner wall (26) and the 
exterior surface of said plug (28). 

3. An apparatus as claimed in Claim 2, wherein said 
30 vapour flow-restricting means provides a vapour- 
tight seal in said space. 

4. An apparatus as claimed in Claim 2, wherein said 
restricting means comprises at least one solid wiper 

35 (22) positioned peripherally about the exterior sur- 
face of said plug (28) and extending between said 
exterior surface of the plug (28) and said inner wall 
(26). 

40 5. An apparatus as claimed in Claim 4, wherein said 
solid wiper (22) has an inner peripheral portion 
mounted on said exterior surface and an outer pe- 
ripheral portion abutting said inner wall (26). 

45 6. An apparatus as claimed in Claim 4, wherein said 
solid wiper (22) has an inner peripheral portion 
abutting said exterior surface of the plug (28) and 
an outer peripheral portion mounted on said inner 
wall (26). 

so 

7. An apparatus as claimed in Claim 2, wherein said 
restricting means comprises at least one gasket 
(30) positioned peripherally about said exterior sur- 
face of the plug (28)and extending between said ex- 

55 terior surface of the plug (28) and said inner wall 
(26) 

8. An apparatus as claimed in Claim 7, wherein said 
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gasket (30) has an inner peripheral portion mounted 
on said exterior su rface of the plug (28) and an outer 
peripheral portion abutting said inner wall (26). 

9. An apparatus as claimed in Claim 7, wherein said 
gasket (30) has an inner peripheral portion abutting 
said exterior surface of the plug (28) and an outer 
peripheral portion mounted on said inner wall (26). 

10. An apparatus as claimed in any one of Claims 4 to 
6, wherein said solid wiper (22) is made of metal. 

11. An apparatus as claimed in any one of Claims 7 to 
9, wherein said gasket (30) is made of an aerated 
foam-like material. 

12. An apparatus as claimed in Claim 1, wherein said 
vapour flow path is limited by said plug (28) being 
substantially cylindrical and having an outer diam- 
eter substantially equal to the diameter of said inner 
wall (26). 

13. An apparatus as claimed in Claim 1, wherein the 
liquid enters at one end of said section of the column 
(20) and the vapour enters at the opposite end of 
said section of the column (20) and said vapour flow 
path is limited by means directing the vapour from 
the annulus formed between said inner wall (26) 
and said exterior surface of the plug (28) inwardly 
away from said inner wall (26) toward said plug (28). 

14. An apparatus as claimed in any one of the preced- 
ing claims wherein said column is in a distillation 
system for the cryogenic separation of a gas mix- 
ture. 

15. A process for cryogenic gas separation comprising 
contacting vapour and liquid counter-currently in at 
least one distillation column containing at least one 
mass and/or heat transfer zone having a plug of 
packing disposed inside an inner wall defining said 
zone, characterized in that vapour bypass between 
said plug and wall is minimized. 
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contacting vapour and liquid counter-currently in at 
least one distillation column containing at least one 
mass and/or heat transfer zone, characterized in 
that the process uses at least one apparatus as de- 
5 fined in any one of Claims 1 to 13. 

18. A process as claimed in any one of Claims 1 5 to 1 7, 
wherein the separated gas mixture is air. 

10 19. The use to reduce the height equivalent theoretical 
tray of separation in a substantially cylindrical sec- 
tion (20) of an exchange column for exchanging 
heat and/or mass between a flowing liquid stream 
and a flowing vapour stream, the section having an 

J 5 inner wail (26) and contain ing a plug (28) of packing, 
of means for limiting flow of the vapour stream in 
the space between said inner wall (26) and the ex- 
terior surface of said plug (28). 

20 20. A use as claimed in Claim 1 9, wherein said means 
is selected from (i) vapour flow-restricting means 
(22;30) in the space between said inner wall (26) 
and said plug (28), (ii) said plug (28) being substan- 
tially cylindrical with an outer diameter substantially 

25 equal to the diameter of said inner wall (26) and (iii) 
vapour flow-directing means for directing the va- 
pour inwardly away from said inner wall (26) toward 
said plug (28) 

30 21. A use as claimed in Claim 20, wherein said means 
is as defined in any one of Claims 2 to 1 3. 

22. A use as claimed in any one of Claims 19 to 21, 
wherein said column is in a distillation system for 

35 the cryogenic separation of a gas mixture. 

23. A use as claimed in Claim 22, wherein said gas mix- 
ture is air. 

40 



16. A process for cryogenic gas separation comprising 45 
contacting vapour and liquid counter-currently in at 
least one distillation column containing at least one 
mass and/or heat transfer zone having a plug of 
packing disposed inside an inner wall defining said 
zone, characterized in that vapour bypass between 50 
said plug and wall is limited by (i) restricting vapour 
flow in the space between said inner wall and said 
plug, (ii) using a substantially cylindrical plug with 
an outer diameter substantially equal to the diame- 
ter of said inner wall or (iii) directing vapour inwardly 55 
away from said inner wall toward said plug. 



17. 



A process for cryogenic gas separation comprising 
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